Traditional vigilance research typically employs static stimuli presented in discrete trials within a highly structured laboratory setting with few similarities to operational environments. The current study employs a dynamic video game-based environment in which the vigilance task has crucial elements of real world detection tasks, in this case the detection of improvised explosive devices (IEDs). The novel platform for this vigilance task and its similarity to popular video games on the market motivated the current study to compare performance between video game players (VGPs), to non-video game players (NVGPs). The results indicate that, relative to NVGPs, VGPs achieved improved performance on the vigilance task, regardless of whether they received training using knowledge of results (KR).
INTRODUCTION
Video game technology available today has allowed researchers studying human performance (i.e. performance on a vigilance task) to move beyond discrete static stimuli and allow a participant to view and perform such tasks in dynamic virtual environments with characteristics representative of operational situations. Video games provide excellent test beds for research, but they also make for flexible and highly dynamic training platforms for a wide variety of applications. Further, video game use is now ubiquitous. This presents opportunities for training development because of participant familiarity with video game technology, but it also raises the possibility that training and performance of video game-based tasks may differ among individuals as a function of their experience with playing video games. The purpose for this study was to evaluate differences in performance between those who play video games and those who do not.
Video games
There have been a number of studies investigating the differences in cognition and performance between video game players (VGPs) and non-video game players (NVGPs), and whether these differences can be attributed to video game play per se or other individual differences between VGPs and NVGPs (Boot, Kramar, Simons, Fabiani, & Gratton, 2008; Green and Bavelier, 2003 , 2007 Hubert-Wallander, Green, Sugarman, & Bavelier, 2011; Mishra, Zinni, Bavelier, & Hillyard, 2011) . This controversial issue is beyond the scope of the present work. The differences between these populations, which are pertinent to this study, concern the potential differences in the efficacy of a video game for training vigilance.
Vigilance Tasks
Several studies have demonstrated that knowledge of results (KR) provided during a vigilance task improves performance over time and transfers to a task similar to the training task (Becker, Warm, Dember, & Howe, 1994; Dittmar, Warm, & Dember, 1985; Hitchcock, Dember, Warm, Moroney, & See, 1999; Kluger & DeNisi, 1996; Szalma, Hancock, Dember, & Warm, 2006; Szalma, Hancock, Warm, Dember, & Parsons, 2006; Warm & Jerison, 1984) . For the current study, two KR conditions were used (complete KR and no feedback). Knowledge of results or feedback on task performance could be likened to the feedback that most video games offer VGPs (i.e. points, coins, health, power, etc.) and the two populations (VGPs vs. NVGPs) may not respond equivalently to KR provided during training. Complete feedback (feedback conveying information about Hits, Misses, and False Alarms) provides the participant with information about signal characteristics in the task, particularly Hit and False Alarm (FA) KR. When participants are alerted to signals in this way, they tend to maintain sustained attention and proportion of correct detections is high while the number of FAs committed remains low (Hitchcock et al., 1999 ; see also Kluger & DeNisi, 1996) . During a traditional vigilance task, the detection of novel stimuli and/or the change in stimuli over prolonged periods of time typically describes the research done over the past 60 years. This study, however, manipulates a scenario within the video game Virtual Battle Space II (VBS2). It features a first person perspective, like that of many popular action video games, and the detection of dynamic targets, in this case potential indicators of improvised explosive devices (IEDs) placed on a path throughout a generic Afghani village.
With the similarity of the video game used for this study to games currently on the market and previous research suggesting that VGPs outperform NVGPs on a number of tasks involving a variety of attentional resources and visual search patterns (Achtman, Green, & Bavelier, 2008; Boot et al., 2008; Buckley, Codina, Bhardwaj, & Pascalis, 2010; Castel, Pratt, & Drummond, 2005; Chisholm, Hickey, Theeuwes, & Kingstone, 2010; Green & Bavelier, 2006 , 2007 Hubert-Wallander et al., 2011; Mishra et al., 2011) , we investigated these differences within our vigilance task, as many of these factors are involved in the sustained attention and ability to detect infrequent and random temporally spaced stimuli. The hypotheses of this study are:
Hypothesis 1: Due to the similarities between our study platform, VBS2, and other popular video games, VGPs will outperform NVGPs in overall performance on the vigilance task (i.e. proportion of correct detections and number of false alarms) due to the familiarity of virtual environments.
Hypothesis 2: Provision of KR during a training phase will attenuate the performance decrement typically seen in vigilance studies. Performance (i.e. proportion of correct detections and number of false alarms) in the KR condition should be better than those in the No-KR condition.
Hypothesis 3: A KR by video game playing experience interaction was expected, such that VGPs in the KR condition will achieve the highest overall performance of any group.
METHOD Participants
Participants were recruited from a large southeastern U.S. university through a psychology research participation pool. Their informed consent was given and all procedures were consistent with standards provided by the university's review board. Participants received course credit for their participation. There were a total of 54 participants (28 females, 26 males) ranging in age between 17 to 21 years (M=18.26 yrs, SD=.81 yrs).
Task
Participants completed a demographics questionnaire, viewed short video clips to familiarize them to targets to be detected during the task, and then completed the vigilance task. The task required participants to imagine they were a Soldier on foot patrol in Afghanistan. They were to search and detect objects that could indicate an IED was present and to respond by clicking on the target. The computer controlled the speed and direction of movement throughout the virtual environment in order to standardize the patrol route across all participants.
During the training phase, participants repeated the route (out to a previously established location and back to starting location) five times and during the testing phase, participants repeated the route eight times. Throughout the route (a path along an unpaved road in a generic Afghani village), IEDs were placed randomly within the field of view. On average there were 30 targets in the training phase and 47 targets in the test phase. Each leg of the journey was approximately two and a half minutes with a target appearing every 30s (the program randomly selected a target out of a pool of possible targets in a 30s range). The training phase was 15 minutes and 55s in duration while the test phase was 25 minutes and 28s in duration.
Participants were instructed to click on the area where they thought a target was placed as soon as they detected it, and that they should not assume the location of target placement would remain constant during the task. The training phase was immediately followed by the test phase, in which no feedback was provided.
Manipulations
Participants were randomly assigned to the KR and No-KR conditions (KR condition contained 31 participants and No-KR condition contained 23 participants). In the KR condition, participants were provided "Hit", "Miss", and "False Alarm" feedback featured in the center of the screen in white text either as they clicked (indicating a Hit or False Alarm) or as a target moved off the screen (indicating a Miss). In the No-KR condition, participants were provided a validation that their responses were recorded by the word "Saved" appearing in the center of the screen in white text.
Participants were further divided into a VGP or NVGP group based on their responses in the demographics questionnaire (VGP group contained nine females and 22 males; NVGP group contained 19 females and four males). For a participant to be considered a video game player they had to have responded that they play video games more the minimum of 1 hr per day. Additionally, if they did play video games more than 1 hr per day, they were asked to specify which types of games they played (i.e. Sports, First-person Shooters, Puzzle, Strategy, etc.) This section of the questionnaire was open response so we obtained a wide array of responses from specific game titles (i.e. Call of Duty and Mario Kart) to genres (i.e. Action and Puzzle) and game categories (i.e. Computer and Xbox), just to name a few. A participant in the NVGP group responded that they did not play video games (i.e. they responded that they play video games 0 hrs per day). The division into the VGP and NVGP groups occurred post hoc, i.e., after the initial group assignment into KR and No-KR conditions. For a further breakdown of each group, see Table 1 . 
RESULTS
For the proportion of correct detections and the number of false alarms, data were analyzed for the training phase via a 2 (KR vs. No-KR) x 2 (VGP vs. NVGP) x 5 (route repetitions or blocks) mixed factorial ANOVA with repeated measures on the last factor. The analyses for the test phase were identical to those for training except that there were 8 rather than 5 blocks. Violations for sphericity were corrected by adjusting the degrees of freedom for repeated measures tests using Box's epsilon (Maxwell & Delaney, 2004) .
Training Phase
The ANOVA indicated statistically significant effects for block, F(3, 181)=10.56, p<0.001, and a KR by video game player by block interaction, F(3, 181)=2.73, p=0.035. All other effects failed to reach statistical significance (p>0.10 in each case). To explore the 3-way interaction further, separate KR by block ANOVAs were computed for each video game experience group. Significant effects for block were observed for both non-players, F(3, 74)=2.67, p=0.044, and for video game players, F(3, 96)=12.23, p<0.001. The proportion of correct detections tended to increase over blocks for each group of participants, but the time-course varied as a function of KR condition (see Figures 1a, 1b) . Specifically, video game players who received KR training achieved higher detection scores during most of the vigil relative to video game players who did not receive KR training, F(1,29)=7.32, p=0.011. In contrast, there were no significant differences between KR conditions for participants who did not play video games (p=0.967). There were no statistically significant differences for the frequency of false alarms during training (p>0.11 in each case).
Test Phase
The ANOVA for correct detections showed no main effect of KR condition, F(1, 50) = 0.26, p = 0.61, or VGP condition F(1, 50) = 1.55, p = 0.22. There was a trend toward a main effect for Block, F(7, 350) = 1.85, p = 0.07. As can be seen in Figure 2 , the proportion of correct detections fluctuated over time in each experimental condition. No significant interactions were observed. 
DISCUSSION
The results of this study provided partial support for our hypotheses, a KR by video game player interaction was observed for correct detections during training. Feedback was effective in improving performance, consistent with prior research (Becker et al., 1994; Hitchcock et al., 1999; Szalma et al., 2006) , and also, VGPs have been found to outperform NVGPs in areas of attention and visual search that are most commonly utilized in vigilance tasks (Achtman et al., 2008; Boot et al., 2008; Buckley et al., 2010; Castel et al., 2005; Chisholm et al., 2010; Green & Bavelier, 2003 , 2007 Hubert-Wallander et al., 2011; Mishra et al., 2011) . However, this benefit occurred only for those in the VGP condition, but it did not transfer to a test phase in which the feedback had been withdrawn. Note that there were far more VGPs in the No-KR condition (17 VGPs vs. six NVGPs), which suggests that the average performance for this group was possibly skewed based on the performance of the VGPs within the group.
Trends indicating support of our first hypothesis are seen but a larger sample size and more testing will be needed in order to observe significant differences between the VGP and NVGP populations in terms of overall performance on the vigilance task. In support of our second and third hypothesis, it was shown on average, that VGPs in the KR condition outperformed all other conditions as time on task increased, both in proportion of correct detections and in number of false alarms committed in both the training and testing phases even though results did not reach statistical significance.
In conclusion, the present study investigated differences between VGPs and NVGPs, specifically that VGPs would achieve higher performance and better training outcomes compared to NVGPs. That there may have been an advantage to playing video games, in performing well on a vigilance task employed in a video game-based environment. With the similarities to video games played for entertainment purposes, VGPs could have an advantage because the two dynamic environments (the virtual environments within popular video games vs. the virtual environments within the vigilance task) were similar to one another. In addition, the results indicated that KR can improve performance on vigilance tasks over periods of time; however, video game play may have had an adverse effect on the analysis and subsequent explanation of our data.
